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(54) MOS-type semiconductor device and method for making the same 



(57) A semiconductor device includes an insulating 
support. A strip of semiconductor material has two ends 
in contact with the insulating support and a midsection 
extending between the ends. A dielectric layer encircles 
the midsection, and a conductive layer encircles the di- 
electric layer. The conductive layer has a substantially 
constant width such that a gate electrode formed within 
the conductive layer is fully self-aligned with drain and 
source regions formed within the ends. 
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Description 

The present invention relates generally to' semicon- 
ductor devices and more particularly to a thin-film tran- 
sistor (TFT). * ' '- 

The concept of placing the conducting cn^r\e1,otah 
MOS transistor within a thin film of polycrystaliirie silicon 
(poly) is quite old datirlg back to the late 1 960s. But de- 
spite a. significant research and development effort, 
these devices and their amorphous silicon counterpart's 
enjoyed little commercial success until recent years, this 
is because, compared to MOS transistors prepared on 
single'crystal substrates, thin fiirri transistors (TFTs) us- 
ing poly or amorphous materials typically exhibit much 
lower transconductance due to t he lower earner mobility. 
They were also often characterized by high and unrepro- 
ducible threshold voltages duatocharging effects arising 
from traps believed to reside at the grain boundaries. 

In the early 1 980s, TFTs prepared with hydrogenat- 
ed ajribfphpus silicon (a-Si:H) were studied for thin-film 
jrriage sensor applications. Recrystailization of this or 
similar material led to relatively high performance poly 
TFTs. By the late 1980s poly TFTs were applied in pro- 
duction quantities to active-matrix'-type liquid crystal dis- 
plays (LCDs). These products use glass or quartz sub- 
strates. The TFTs are relatively large in size compared 
to conventional MOS transistors and operate at higher 
voltages than those commonly used in digital applica- 
tions. 

TFTs have not been applied to standard CMOS de- 
vices in large production quantities as yet although many 
papers have been published in recent years on this gen- 
eral topic. Koichiro Ishibashi et al.',. "A 1V TFT-Load 
SRAM Using a Two-Step Word-Voltage Method, IEEE 
ISSCC, pg. 206 (1992); Sjuji Murakami etal., "A 21 mW 
CMOS SRAM for Battery Operation,* [Mitsubishi Elec- ' 
trie], ISSCC, pg, 46 (1991 j; Katsuro Sasaki et al,, A 7ns 
140mW CMOS SRAM with Current Sense Amplifier," 
[Hitachi], ISSCC, pg. 208 (1 992); Hiroyuki Goto et al., "A 
3. 3V 12 ns 1 6Mb CMOS SRAM," [KlEC], ISSCC, pg. 21 6 
(1 992); C.T. Liu et al.,'"High Reliability and High Perform- 
ance 0.35 urn Gate-Inverted TFTs for 16 Mbit SRAM Ap- 
plication Using'Self-Alighed'LDij Structures, ,|AT&TJ, 
IEEE /EDM, pg! 823 (1992); J.P. Colinge etaL'Sili- 
coh-on-lnsulator Gate-All-Around Device." lEDM, pg. 
595 (1990); U'.D. Hayden'et al., "A^HighTPerfprmance 
Quadruple Well, Quadruple Poly BiCMOS Process (or 
Fast 16Mb SRAMs," IEEE IEDM, pg. 819(1992)'report- 
ed in 1 992 an experimental SRAM cell, see Koichiro Ishi- 
bashi et al., "A 1V TFT-Lbad SRAM Using a Two-Step 
Word-Voltage Method,' IEEE ISSCC, pg. 206 (1992). 

. TFTs, although' often larger than their single-crystal 
counterparts, are often used to produce integrated cir- 
cuits having reduced areas. For example/a TFT may be 
used as a load device in a static random. access memory 
(SRAM) cell. Typically, a TFT is a field-effect transistor 
.(PET) having its channel, drain, and source regions 
formed from a strip of semiconductor material that has 
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been formed on a dielectric substrate, such as quartz or 
glass. Thus, unlike a conventional FET that is formed in 
a semiconductor substrate, a TFT may be formed in ver- 
tical alignment with a semiconductor structure, such as 

.5 an SRAM cell. Such stacking of integrated-circuit com- 
ponents often provides a significant reduction in the area 
of the integrated circuit 

However, TFTs often exhibit significantly lower "on" 
currents, 1,^,, than do their conventional counterparts 

. 10 with similar W/L ratios. Additionally, the switching speed 
of a TFT is often too slow for certain applications. 

. A method is disclosed for building poly TFJs with 
self-aligned gate electrodes which completely encircle 
the, channel region. This encirclement increases the 

'5 width dimension by a factor of two at a rhinimum, The 
' increased.'on'.current flow is greater than this because 
the conduction is hot only along two inverted channels, 
but through volume inversion as well. Volume inversion 
effects have been reported for dual-gate devices, that is, 

f MOS transistors with upper and lower gate electrodes. 
See E.'Simoen et al., "A Low-Frequency Noise Study of 
Gate-All-Around SOI Transistors," IEEE Iran, on Elec- 
tron Dev. 40(11):2014 (1993). : ' 
The inventive process involves forming a cavity be- 

ss low a poly film patterned into narrow strips. The poly layer 
is used to form the channel, and source and drain regions 
of the TFT. The cavity and a channel or slot are provided 
into the dielectric substrate using standard^photpresist 
methods and etching techniques. A second film of highly 

30 conformal LPCVD poly is then let into the cavity and 
channel somewhat analogous to the "damascene" proc- 
ess, used for. metal layers and reported in recent years 
by IBM. See, R.R Uttecht and Robert M. Geffken, "A 
Four-Level-Metal Fully Planarized Interconnect Technol- 

35 ogy For Derise High Performance Logic and SRAM Ap- 
plications," VMIC, pg. 20 (1 991), The secqrid poly film 
forms a self-aligned gate electrode around the transistor 
channel region in the thin first poly fiirri. Functional n- or 
p-channel trarisistors.are created using only two photo- 

<o masking steps. The minimum transistor, length is. 4A., 
where X is the minimum feature, size. Thjs compares to 
standard MOS technology, which provides minimum 
poly, line widths (transistor lengths .as viewed from the 
surface of the wafer) of 2X. • ... 

45 . .His a basic object of the invention to provide a proc- 
ess fpr improving the on current and performance of poly 
TFTs such.that these devices may be used more broadly 
in various applications of integrated circuits. . 

jn accordance with the present invention,, a senii- 

50 conductor device, which includes an, insulating support, 
. is provided. A strip of semiconductor material has a pair 
of opposing ends in contact with the in.sulaling support 
and a midsection extending between the ends. A layer 
of dielectric material encircles the midsection, and a lay- 

ss er. of conductive material encircles the dielectric layer. 

In one aspect of the invention, the semiconductor 
device is a TFT formed, on a dielectric substrate. The op- 
posing ends form the .source arid drain regions respec- 
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tively, and the midsection lorms the channel region. The 
dielectric layer and the conductive layer form the gate 
insulator and the gate electrode respectively. In another 
aspect of the invention, the source and drain regions re- 
spectively include lightly doped source and drain re- 
gions. 

An advantage provided by one aspect of the present 
invention is an increase in "on" current without an in- 
crease in either or V^. . 

An advantage provided by another aspect of the 
present invention is an increase in switching speed. 

According to a first aspect of the present invention 
there is provided a semiconductor device, comprising an 
insulating support, a strip of semiconductor material hav- 
ing two ends contacting said insulating support and a 
midsection extending between said ends, a layer of die- 
' lectric material endirclih'g said miclsectipn, and a layer of 
conductive material encircling said dielectric layer and 
haying a substantially constant width.' ..." 

Said insulating support may comprise a dielectric 
material. Said semiconductor material may comprise 
polysilicon. A first of said ends may form a drain region, 
a second of said ends may form a source region', and 
said midsection may form a channel region. Said cond- 
"cutive layer may form a gate electrode. Said midsection 
may be substantially planar with respect of said ends and 
said insulating support Said dielectric layer may form a 
gate, insulator. . ' 

• ' According to a second aspect of the present inven- 
tion there is provided a semiconductor device, compris- 
ing a body of semiconductor material having a source 
region, a' drain region, and a channel region a gate insu- 
lator encircling said channel region, and a gate electrode 
encircling said gate insulator and completely self-aligned 
with said'sdurce and drain regions. 

' Said source region and said drain region may each 
comprise a lightly doped region adjacent to said channel 
region. Said gate insulator may comprise silicon dioxide. 
Said gate electrode may comprise polysilicon. Said sem- 
iconductor material may comprise polysilicon. 

'" According to a third aspect of the present invention 
' there is provided a semiconductor device comprising first 
ahd'secbrtd doped semiconductor regions spaced from 
each other, a third doped semiconductor region posi- 
tioned between said first and second regions, said third 
'■region having a lower doping concentration than saidfirst 
• and 'second regidns, an insulator encircling said third re- 
gion, and a layer'of conductive material encircling said 
" insulator and haying a substantially constant width. 

Said first and second regions may be of a first type 
6f semiconductor material arid said third region may. be 
of a second type ol semiconductor material.' Said first 
and second regions may include' lightly doped regions 
'adjacent said third region. ' '' :: 

According to a fourth aspect 6f the present invention 
'twere is provided a method for'iorrning a semiconductor 
device, corriprisihg fprrriihga strip of serhiconductor ma- 
terial on an insulating support, "forming a cavity in said 



insulating support beneath a midsection of said strip, 
forming an insulator around said midsection, and forming 
a serf;aijgned electrode around said insulator. 

Said step of forming a cavity comprises anisotropi- 
s cally etching openings along opposing sides of said mid- 
' sectiSi, and isotropicaHy v etching said openings such that 
said openings merge to form said cavity. , 
The method may further comprise doping said mid- 
section to form a channel region and doping ends of said 
10 stnp adjacent said midsection to form source and 'dram 
regions. '; ' '. y , . - *V .' . . .. ^ , ' ' 
' The method may (u rther comprise I ightjy doping por- 
tions of said' source and drain' regions adjacent said 
channel region to form, lightly doped source and drain 
J5 'regions. ' .' .'' ... 

. According to a fifth aspect of the present invention 
there is provided a method for forming a transistor, com- 
prising forming a strip of semiconductor material on an 
.insulating support,') forming a cavity in said ihsulatingsup- 
20 pdri beneath a midsection of said strip such that ends' of 
said film adjacent said midsection are in contact with said 
insulating support, forming a gate insulator around said 
channel, forming a channel of the transistor within said 
, midsection, forming a gate electrode around said gate 
25 insulator, and forming drain and source regions of the 
transistor within respective ones of said ends such that 
said gate electrode is fully self-aligned with said drain 
and source regions. 

Said step of forming a strip may comprise forming a 
30 layer of polysilicon on said insulating support, and etch- 
ing said layer to form said strip. 
" Said step of forming a strip may comprise forming a 
layer of amorphous silicon on said insulating support, 
etching said layer to form said strip, forming a first die- 
35 lectric layer over said insulating support and. said strip, 
forming a second dielectric layer oyer said first dielectric 
layer, and flowing said first and second dielectric layers 
to form a planar surface and to convert said amorphous 
silicon into polysilicon. ' . 
*o ' ' Said, step of forming said cavity comprises forming 
'on said strip and said insulating support a layer having 
$ substantially planar surface, forming on said layer a 
.mask that exposes said midsection, anisbtrbpic'ally etch- 
ing said layer . and said insulating support to form open- 
<s ; ings adjacent sides of said midsection, and ispfropically 
etching said insulating support such that said openings 
merge beneath said midsection to forrii said cavity. 
\ Said step of form'inga'gate electrode may comprise 
filling said cavity with an electrically conductive material, 
so The method may further comprise lightly doping portions 
, of said drain and source regions adjacent said channel. 

Some erhbodiments of the invention will now be de- 
scribed by way of example and with" reference to the ac- 
companying drawings in which: 
55 1 — Figure 1 is a cross-sectional view of a semiconduc- 
tor structure in accordance with the present invention. 

- Figure 2 is a cross-secljonai view of a strip of sem- 
iconductor material formed on the insulating support. 
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Figure 3 is a cross-sectional view of the structure of 
Figure 2 with the addition of a planar layer. • 

Figure4isatop view of the structure of Figure 3 with 
the addition of a mask layer. ' ■ 1 ; •> :f - '•• - •' 

Figure 5 is a cross-sectional view taken : alorig lines ' 
A-A'of the structure of Figure 4 after it has been arilso- 
1 ropically etched. *' - 

•• - Figure 6 is a top view of the structure of Figure 5 

■ after it has been isotropically etched. ~ >' ■ 

■ " Figure 7 is a cross-sectional view of the structure of 
' Figure 6 taken along lines frB of Figure 3: ■ r : 

Figure B is a cross-sectional view of the structure of 
' Figure 7 after removal of the mask layer and the addition 
of agate oxide and art electrically conductive' layer. 

Figure 9 is a cross-sectional view of the structure of' 
Figure 8 following etching arid during a first self-aligned 
impurity implantation process. 

Figure 1 0 is a view of the structure of Figure 9 during 
■a second seif^aligried impurity implantation process. 

Figure 11 is a cross-sectional view of the-structure 
of Figure 10'taken along lines B-B of Figure 3. 

' Figure 1 is a cross-sectional view of a semiconduc- 
tor device 10 according to the present invention. Device 
10. which is an FET; includes an insulating support- 12 
and a strip of semiconductor material 14. In one aspect 
of the invention, insulating support 12 is formed from a 
dielectric such as SiC^ or glass over a semiconductor 
substrate, and strip 14 is formed from polysilicon to form 
a TFT.' Strip 14 includes a channel 16 and source and 
drain regions -18 and 20: A gate insulator 22 encircles ' 
channel 1 6, and a gate electrode 24 encircles gate insu- 
lator 22.'B*ecause gate electrode 24' completely ericircles 
channel 16; the on current and transconductance of de- 
vice 10 is increased approximately 2-5 times greater 
than the on current and transconductance of a device 
having a gate electrode along only a top portion 6f the 
channel 16 surface: Additionally, device 10 may include 
lightly doped source and drain regions 26 and 2B, which 
lower the electric field at drain 20 \6 reduce the tendency 
of electrons from drain 20 to become lodged in gate in- 
sulator 22. Such lodging, commonly referred to as the 
'hot electron" problem, may over time shift the threshold 
voltage of device 10. Furthermore; as discussed below, 
gate electrode 24"is self-aligned to channel 16: Such 
self-alignment significantly reduces the size of ttiedevice 
and also reduces parasitic capacitances such as the Mill- 
er capacitance, and therefore increases the switching 
speed of device 10/ ' 

Figures 2-10, illustrate a method for forming device 
10. Referring to Figure 2, strip 14 of semiconductor ma- 
terial, having a width W, is formed on an insulating sup- 
port 12. In one aspect of the invention; the strip 14 is a 
layer of arnbrphous'silicbndepositedon insulating sup- 
; port 12, which is ah Sibj iayer over a silicon substrate, 
with a low pressure chemical vapor deposition (LPCVD) 
process. The thickness of the amorphbus silicon film is 
in the range 'of approximately 500 - 2500 A. Typically, the 
thinner the film, the lower the threshold voltage of the 



TFT. The deposition temperature is preferably kept be- 
tween 475 - 650°C so that few nuclei are present for the 
< subsequent grain growth process. The amorphous sili- 
con may be deposited using a source gas of either SiHi 4 , 

5' which is the conventional gas used, or SijHgi SigHg al- 
lows the LPCVD to be performed at approximately 
475°C arid still produce a film that is' acceptable. For 
some devices, such as liquid crystal displays (LCDs), the 
insulating support 1 2 may be glass or quartz. An LPCVD 

to process at such a low temperature (approximately 
475°C) allows insulating support 12 to be glass or quartz. 
Alternatively, the silicon film 14 may be formed as 
' polysilicon. Typical polysilicon formation temperatures 
-range from 650 - 950°C for forming polysilicon on an 

is SiOg layer over a silicon substrate. In one embodiment, 
: " this polysilicon f ilmmay then be made amorphous by ion 
'-■ '■ implantation r of silicon, typically, an implantation level of 
about '5 x'10 16 atoms/crh 2 at about 75 KEV is sufficient, 
although the level rhay vary depending upon the thick- 

20 ness of the deposited film. The growth conditions, 'and 
subsequent implant, if necessary, should be such that 
the deposited film is made as amorphous as possible. 
Alternatively, the strip 1 4 may remain polycrystallirie sil- 
icon and the inventive device formed from polycrystalline 

?5 silicon as the channel, source and drain regions 16, 18, 
and 20. '■ " 

■• ■ Next, the amorphous silicon film 1 4 is exposed to a 
■ relatively king, low temperature anneal in Nj or AR to 
convert the amorphous silicon to large grained polysili- 

30 ■ con." Specifically, this anneal is performed at tempera- 
tures approximately in the' range of 475 - 600° C and for 
a time period approximately in the range of 20 - 100 
hours. However, the temperature during the annealing 
process is low enough to prohibit the generation of ad- 
os ' drtibnal nucleation sites or small crystals, but high 
enough to allow existing crystallites to grow through sol- 
id-state diffusion. Such an annealing process produces 
a polysilicon film having grain sizes of approximately 5 
pm and larger. Alternatively, the amorphous silicon film 

■»o may be converted to large grain polysilicon by using ex- 
isting laser recrystallization methods. 

The ' amorphous silicon film is' converted into 
large-grained polysilicon because larger grains produce 
improved TFTs.'For example, the larger grain's typically 

4S reduce the number of charges that may be stored at car- 
■ Her traps located mainly at the grain boundaries. Con- 
' ' versely, small grains often generate many such traps, 
which often force a significant portion of trie gate voltage 
applied to the TFT to he wasted in the' work of charging 

so and discharging these trap sites instead of creating an 
inversion layer, i.e., formingthe channel, to turn the TFT 
on. To further reduce the charge density at the grain 
boundaries, trie pofysilicon layer may be passivated with 
hydrogen (H). Such' passivation reduces the threshold 

ss voltage and sub threshold leakage currents of the TFT. 
' There are many known ways in which the porysiiicbri lay- 
er may be hydrogen passivated, including a long bake 
in an appropriate forrrting gas or H, applying plasma-en- 
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, hanced chemical vapor deposition (PECVD) silicon ni- 

• tride layers, immersing the semiconductor structure 10 
in. a hydrogen plasma, at approximately 300"C, or by 

, high-dose ion implantation with protons. . 

Alternatively, acceptably large grained polycrystal-?, 
line.silicon may be formed for strip 14 using any suitable 
technique, including the direct formation of polysilicon on 
a glass or SiO s layer. . 

Once the polysilicon layer 14 has been formed on 
insulating support 12,. one or more polysilicon strips^ 
are formed using existing photolithography methods. In 
one aspect of the invention, width.W is^ where Zk is 
the minimum feature-size capability for the width of the 
polysilicon layer, 14, for .the process technology being • 

. used,, ~, .... . ,- , ... r , , ... ,., v . v 1 

. Referring to Figure 3, after the fprmatipn, of polysili- 
con strip 14,- a planar layer 30 is formed over insulating •■ 
support 12 and strip 1.4. ln one aspect of the invention, 
layer 30 includes a layer 32 of silicon dioxide (SiCy that 
is approximately 2,000 A thick, and a layer. 34 of phos- 
phorous glass or boron doped glass that is approximate- 
ly 5,000 A thick. Layer 34 is then flowed to give a planar 
surface 36. In one aspect of the invention, Si0 2 jayer 32 
is deposited using either a conformal. chemical vapor , 

■ deposition or a low pressure chemical vapor deposition. 
Next, layer 34 is flowed at an appropriate temperature, : 

, typically in. the range.of 80O*-1100°C for some applica- " 
Hons, though lower temperatures may be. usedif desired 

; to give approximately flat upper surface 36. Alternatively, . 

. layer 30 having planar surface 36 may be formed from 
a spin-on glass film using existing techniques. This is 
useful for LCDs formed on glass or quartz. . .... 

. Referring to Figure 4, which is a top view of the struct 
.ture of Figure 3, a photoresist mask 38 is.formed on sur- 
face 36 and.etched to expose midsection 16, which has 
a length. L. In. one embodiment of the invention, length L 

, is approximately ecjual to width W. The exposed portions 
<Df tayer .30 and insulating support 12 are anisotropically 
ejched to give a . structure haying the view shown in Fig- 

..ure 5 taken along lines A-A of Figure 4. An anisotropic ; 
etch process haying.a high Si0 2 ,to Si selectivity js pre- 

.. f erred. Such an anisotropic etch may be perl ormed using 
existing ion-assisted plasma etch processes that use 
various fluorocarbon plasma chemistries. As shown in 
Figure 5, the anjsptropic, etch completely removes the 
exposed portion of layer. 30 and etches into insulating 

s support 12 a depth of approximately X, which. is about 

,.Vy/2,. below the bottom of. the midsection 16. Thus, this 
anisotropic etch forms on either,,side of strip .14, at the 
rnidsection 16, open regions,42. ./.: ... 

. , Referring to Figure 6,.'tt)e exposed portion's of : insu- 

r iating support .12.and.Jayer. 30 are then isptropically 
.etched to givean t .und.ercut whose boundary is shown by ' 

.dotted line 40. The amount of undercut within regions 42 

■ is such that an intermediate cavity 46 (Figure ?),, which. 
,.is, beneath, midsection .16, is formed, because; thefinsu- 

. ( Iating layer. 12 -is^^j^.lhrotigrj.pndef thg.midsect.ion " 
,16. Such an isotropic .etch may be perfprrnediusihg an 



aqueous solution of HF,. such ,as . buffered oxide etch 
(BOE), to a desired depth. In one embodiment, a depth 
■i ; apprpxirnately W/2 beyond the original depth of open- 
ings 42 after the anisotropic etch is appropriate, Howev- 
s ; ;C) er,ia i §rna|ler. undercut is desjred in some designs and, 
. for, a large gate electrode, -a larger undercut is desired, 
as much as 2X or greater. . 
. ,. Referring to Figure 7, which is a cross-sectional view 
taken along lines6>B of Figure 6, one can see that cavity 
10 ;., 46 is formed beneath midsection. 16 of strip 14.Thedot- 
ted line shows the. depth.of .openings 42 and the solid 
• ;0 line the cavity 46 after the isotopiqetch. 
... {t j.. Referring^ Figure 8, a gate insulator.,or dielectric 
48 is forrnedsuch thatit completely encircles midsection 
is, , u 16 of slrip r .14. Because the. length pf midsection 16 is 
• : . defined by the wid^of cavity 46,>the gate electrode will 
be self-aligned with midsection 1 6, which will become the 
-channel region of the TFT. Such self-alignment will re- 
duce the Miller f parasitic capacitance; .which .carvbe-in- 
20 creasedif thegateelectrodeoverlapsthesourceordrain 
regions -18 and 20 (Figure 1). The thickness of gate in- 
. sulator 48 may vary within the range of approximately 
.. 1 50 - 500 A, depending upon the desired threshold volt- 
age. Gats insulator 48 may be formed using a combina- 
25 tion of thermal oxidation followed by conformal CVD of 
tetra-ethyl-ortho-silicate (TEOS)-based silicon dioxide 
..■Alternatively, gate insulator 48 may be grown Uiermalty 
. in dry oxygen (O z ). Or, gate insulator 48 may be formed 
. using only CVD as is used to form existing TFTs, or using 
so., a chemical-vapor deposited silicpn-nitride-gate dielectric 
. process. In one aspect of the invention, before gate in- 
sulator 48 is formed, the exposed midsection .16 can be 
. thinned by , light oxidation and a BOE etching if desired 
to form a specific-size device. . . , : 
35 Next, midsection 16 is implanted with a suitable do- 
„ pant to.form the channel of the TFT. For example, to form 
an N-channel transistor, midsection 1 6 may be implanted 
s with boron -in. the range of approximately 10 12 at- 
^.pms/cm 2 . Alternatively, to form, a P-channel 'device, 
40 channel region 1.6 may be left undoped,'. though typically 
.the channel 16 is lightly implanted with arsenic (As), to 
y , have the desired threshold characteristics. selected by 
., .the, designer. using knowndesign tools. Mask layer 38 is 
, ., removed either. before orafter midsectipn 16 isjmplanted 
■»s.. to form the channel 16. .. . . ,.• . v 
.1.; r iStillrefe/ringtp Figure8, structure lO.is then coated 
with a layer.50 of pofysilicon. As shown, layer 50, com- 
pletely fills in openings 42 and cavity .46, to completely 
( , encircle both gate oxide 48 and,channel 16. Depending 
so upon the deposition process used, some voids .52 may 
.exist in the portion of polysilicon layer 50,Jnj the cavity 46 
. beneath channel 16. However, .if is believed that such 
. . voids have no adverse effect on the performance of the 
resulting TFT, and may be avoided altogether in some 
55 . polysilicon deposition, techniques. ... r > . 

After it has been deposited, polysilicon layer 50 is 
doped and etchedto the surface, of glass layer 30. |none 
t aspect of the invention, polysilicon layer 50 is first doped 
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with an N + implant or diffusion. The top portion of layer 

50 may be removed with existing processes, such as 
chemical mechanical polishing (CMP), or if photoresist 
mask 38 has small enough openings,, an. anisotropic 
plasma etch may be used to remove the.pbly layer 50. , 
the plasma chemistry should have a high selectivity of 

51 to SiO a such as that found in SF 6 -based ion-assisted 
plasma etching. Alternatively^ the top portion of layer 50 
may be etched first, arid the portion of layer 50 remaining 
in cavity 46 and openings 42, i.e. , the portion of layer 50 
that forms gate electrode 24, may be doped. afterwards. 
Depending upon the doping process used, the upper 
portion 54 of gate electrode 24 may be more highly 
doped than the lower portion. ' J,,.' 

Referring to Figure 9, at this point, in the process,, 
layer 30 may be rerrioyed, and the end portions of strip 
1 4 adjacent to channel 1 6 maybe suitably doped to form 
' source and drain regions 1 8 and 20 (Figure 1 ) of the TFT. 
The doping of the source and drain regions 18 and 20 
' also implants dopant into the top and exposed sidewall . 
portions of the gate electrode 24. A later diffusing step 
will drive the dopant under the channel 16, into lower por- 
tions 54 to ensure that it is doped, if it has not already 
been doped in a previous step. The source and drain re- 
gions 1 8 and 20 are thus also formed as self -aligned with 
the gate electrode 24. 

The layer 30 is etched back using. an appropriate 
masking scheme to form spacers 56. In one aspect of 
the invention, the width S of spacers 56 is approximately 
0.5 |im. As is known in the prior art, where S equals ap- 
proximately 0.15 u.m, the op/off current ratio for the re- 
sulting TFT is approximately 1 0 4 as compared to 1 0 2 for 
non-LDD devices. Furthermore, the on/off current ratio 
where S equals approximately 0.45 pm is approximately 
10 7 . Following the formation of spacers 56, strip 14 is. 
implanted with a dopant. For example, in one aspect of 
the invention, layer 1 4 is doped with As using an implant 
level of approximately 1 0 1 5 atom/cm* to form N+ source 
and drain regions 18 and 20, which in Figure 9 would 
begin at the outer edges of spacers. 56. . 

Referring to Figure 10, spacers 56 may then be re- 
moved such as with a BOE or plasma etching. Next, a 
light dose of dopant is ; implanted,to. form lightly-doped 
regions 26, and 28 of an LDD-type structure. The LDD 
structure is thus self-aligned with the gate electrode and 
channel region using side wall oxide spacers, providing 
significant size and device pperation.features not previ- 
ously possible in polysilicon devices formed over ah in- 
sulating substrate. For, example, to produce regions 26 
and 28 of an N- material, a light dose of a value appro- ■ 
priate for LDD devices of As is implanted through an ap- 
plied oxide layer 58. The.structure 10 may ; then be lightly 
oxidized to heal any edge voids in the gate dielectric 48:' 
The dopants may then be activated by using rapid ther- 
mal annealing (RTA) to reduce lateral diffusion. ' ; 

In an alternative embodiment of the invention, afte'r"' 
the glass layer 30 is removed, and an implant oxide is * 
formed over strip 1 4and gate electrode 24, a light dopant • 
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implant may be performed to form drain regions 18 and 
20 from a lightly doped material. Next, spacers 56 are 
formed and a second implant is performed such that re- 
gions 26 and 28 beneath spacer 1 6 remain lightly doped 
and the. remaining portions of source and drain 18 and 
20 become highly doped to give a resulting TFT with 
lightly doped drain and source regions 26 and 28. 

Figure 11 : shows a cross-sectional view of the com- 
pleted TFT as viewed along lines AA of Figure 4. As will 
be appreciated, the appropriate electrical interconnec- 
tions to the source and drain regions 1 8 and 20 are made 
using vias, contacts, or the like so that the polysilicon 
transistor 10 can become an element of a larger 'circuit. 
The contacts can be from a lower layer to a device 1 0 or 
from a higher layer. Most likely, the electrical intercon- 
nections will contact source/drain regions 18 and 20 to 
respective conductors in the circuit, and the gate elec- 
trode 24 to another conductor to provide transistor oper- 
ations, diode connections, load connections, or the like, 
as required for each circuit design. The standard tech- 
niques known in the art today for forming electrical con- 
tacts to poly one, poly two, and other layers, may be 
used. 

It will be appreciated that, although a specific em- 
bodiment of the invention has been described herein for 
purposes of illustration, various modifications may be 
made without departing from the spirit and scope of the 
invention. Accordingly, the invention is not limited except 
as by the appended claims. 
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1. A semiconductor device, comprising: ' 
an insulating support; 

a strip of semiconductor material having two 
ends contacting said insulating support and a 
midsection extending between said ends; 
a layer of dielectric material encircling said mid- 
section; and 

a layer of conductive material encircling said 
. dielectric layer and haying a.substantially con- 
stant width. 

.2. The device of claim 1 wherein a first of said ends 
forms a drain region, a second of said, ends forms a 
source region, and said midsection forms a channel 
region. ... ., ^ . , _ . • i . 

3. The device of claim 1 or claim 2 wherein said mid- 
.. section' is substantially, planar with respect of said 
ends and said insulating support. 



i £S 4. .A semiconductor device, cprnprising: 

a' body of semiconductor material . having a 
source region, a drain region, and a channel 
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region; 

a gate insulator encircling said channel region; 
and 

a gate electrode encircling said gate insulator 
and completely self-aligned with said source 
and drain regions. '' ' 

5. The device of claim 4 wherein said source region 
and said drain region each comprise a lightly doped 
region adjacent to said channel region. ' ' 

6. ; A semiconductor device comprising: 

" *"'*'• first and'secbnd doped semiconductor regtons 

1 spaced from each other; ' '• ' - f ■' 
" ' • ' "a third'doped semiconductor region positioned 
'• b between said first and second regfahs, "said third 
i«j fegion havihg'a lower doping conceritratfoh than 
' said first' and second regions; • : ' ; ,: 
• ; arilnsulatcir encircling said third region; and 
a layer of 'conductive material encircling said 
1 insulator and having a substantially constant 
width. 

7. 'The device of claim 6 wherein said first and second 
■ regions are of "a first type of semiconductor material 
- and wherein said third region'is of a second type of 

';' semiconductor material. ; ■ "• ■ ? < 

8. The device of claim 6 or claim 7 wherein said first 
and second regions include lightly doped regions 
adjacent said third region. 

9. A method for'f orming a semiconductor device, com- 
prising: 

forming a strip of semiconductor material on an 
insulating support; ; ' 
forming a cavity in said : insulating support 
-beneath amidsection of said strip; 
forming an insulator around said midsection; 
. and 1 '"'' - - "•' 

•forming a self-aligned electrode' around said 
insulator. 

10. " The 'method of claim 9 wherein said step of forming 
• ■'■ acavity comprises': 1 

anisotropically etching openings- along oppos- 
ing sides of said midsection; and 
• ' - 'isotropically etching ■ said'openings such that 
" J ' ' v said openings merge to form said cavity. 

11. The method of claim 9 or claim 10, further compris- 
ing doping said midsection to form a channel region 
and doping ends of said strip adjacent said midsec- 

''' ! tion tb : (6rrh source and ; drain regions. 



1 2. A method for forming a transistor, comprising: 

•lie;-- ■ '-'\ ■ • - •• .. 

'. . ' ,. forming a strip of semiconductor material on an 
'.' • . insulating support; 
s ' JV " Mdmriing a cavity in said insulating support 
,'\'!"'' r "f v beneath a'midsection -of. said strip such that 
* '"',','.'.'^9*,°* 8a " d film adjacent said mkfcectiph.are 
v ' " irf contact with said insulating support; 

forming a gate insulator around said channel; 
>o "' '; ' fomning a channel of the transistor within said 

'"'*' "' ' midsection; ' ' ' ' '." 

' '; fdrminfi | agate electrode around said gate insu- 
' latdr; arid * ' "*'_'* , , 

forming drain arid source regions of the trarisis- 
15 f"'". ' ; ' i! tprwithinresp.ect|vecflesofsaide'ndssuchthat 
\ "^aid gate electrode is fully self-aligned with said 
./ drain and source regions. " " 

1 3. The method of claim 1 2 wh'erein said step of forming 
f ' a strip comprises: *' ',''"* 

forming a layer of polysilicon on said insulating 
support; and 

etching said layer to form said strip. w 

25 v : ■■ ■<, - ■ ■■■ ■ 

1 A. The method of claim 1 2 wherein said step of forming 
, v * a strip comprises: 

forming a layer of amorphous silicon on said 
so' * - " insulating support; ' ' ' 
■ etching said layer to form said strip; ': " 
1 forming a first dielectric layer over said insulat- 
ing support arid said strip; " \ 
" ." ' forminga second dielectric layer over said first 
35 dielectric layer, and 

flowing said first and second dielectric layers to 
' ' form a planar surface and to convert said amor- 
phous silicon into polysilicon. 

40 15. The method of cfeim 12 wherein said step of forming 
" said cavity comprises: 

"' '■' " ' 'formbigdn said stripandsaidinsulatihg'support 

a layer having a substantially planar surface; 
' ' ' " ' forming on said layer a mask that exposes said 

' midsection; 1 ' ' 
'" anisotropically etching said layer'and skid insu- 

- ' ■ lating support to form openings adjacent sides 
'" ' ' of said midsection; and' " * 

so • ■ ■ ■ ■ isotr'bpically r etching said' insulating support 
'> ; ~ such that' said openings merge beneath said 
' ' midsection to form Said cavity. : "' 
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